patients with at least moderate regurgitation. The predominant localization of the cleft was within segment P2 (59%), followed by a cleft between P1 / P2 (18%). Isolated cleft in segment P3 or segment P1 occurred twice in each segment (n=2; 9%) and between P2 / P3 once (n=1; 5%). Regurgitation was severe in 50% (n=11), moderate in 9% (n=2), mild in 27% (n=6) and only trivial in 14% (n=3) of the patients. Surgical treatment was reconstruction with ring anuloplasty in 45% (n=10) and replacement in 4.5% (n=1). Eleven patients (50%) with mostly mild or trivial mitral regurgitation were treated medically only.
Conclusion: Two-dimensional high-resolution cross-sectional echocardiography allows the distinct diagnosis of a clefted posterior leaflet, whereas clinical presentation, electrocardiogram, chest X-ray and angiography are failing to identify the correct etiology of MR in patients with IPLCMV. Patients with moderate to severe mitral regurgitation were treated surgically with excellent outcome.
Introduction
Mitral valve insufficiency in congenital heart disease occurs most frequently in patients with partial or complete atrioventricular septal defects due to a cleft in the anterior leaflet of the mitral valve. Before introduction of high -resolution echocardiography the diagnosis of a cleft in the mitral valve was usually not established until autopsy or surgery. 1 Several series of patients with isolated anterior cleft have been studied, especially in pediatric populations 1, 2 but isolated clefts in the posterior mitral valve (IPLCMV) was published only in a few earlier case reports. 3, 4 For optimal planning of the surgical technique, if applicable, clefts in the posterior leaflet have to be distinguished from false commissures. Moreover, planning of the optimal surgical approach may be supported by valid echocardiographic data about the segmental localization of a cleft. We report an institutional experience in diagnosis and management of IPLCMV in adults and highlight its anatomical, clinical and echocardiographic features, as well as treatment options.
Methods

Patients:
We re-evaluated all echocardiographic studies (N = 19'320) in adults (>16 years old) from January 2001 to January 2005 performed at our echocardiographic laboratory to identify patients with an isolated cleft in the posterior mitral valve leaflet.
The patients' history, their pre-and postoperative clinical data and intraoperative findings were obtained from the medical and surgical records. Enlargement of the heart was defined as a cardiothoracic ratio > 0.5 in a posterior-anterior chest roentgenogram. Dyspnoea on exertion was present in almost all patients with at least moderate regurgitation (NYHA functional class ranged from I to III-IV). Moreover, five patients presented with palpitations (5/22 pts., 23%) and in five patients, atrial fibrillation / atrial flutter was documented (5/22 pts., 23%). In two patients, frequent supraventricular premature beats were reported (2/22 pts., 9%). One patient with severe regurgitation was free of symptoms. Posterior -anterior chest roentgenogram revealed marked enlargement of heart size in seven patients (7/22 pts., 32%). Most patients had 1/6 to 4/6 grade systolic murmur; in patients with only trivial regurgitation the murmur was audible only during late systole with the presence of a midsystolic click. Restrictive cardiomyopathy was present in one patient at the time of his first evaluation. Two patients had a patent foramen ovale, one patient had a secundum atrial septal defect. Concomitant coronary artery disease could be identified in six
patients. An abnormal origin of the coronary arteries was reported in one patient:
LAD, LCX and a septal branch rose separately from the right sinus of Valsalvae. This patient suffered from ventricular fibrillation, and ICD-implantation was performed after successful reanimation. One patient had been successfully treated for AVNRT with radiofrequency ablation. Cardiac pacemakers had been implanted in two patients with sick sinus syndrome and atrial fibrillation with slow ventricular conduction, respectively.
Echocardiography:
The predominant localization of the congenital cleft of the posterior mitral valve leaflet was the segment P2 (13/22 pts., 59%), Figure 1 , followed by a cleft between P1 / P2 (4/22 pts., 18%), Table 2 . An isolated cleft in the segment P3 or in the segment P1 occurred twice each (2/22 pts., 9%) and between P2 / P3 once (1/22 pts., 5%). Regurgitation was severe in 50% (11/ The patients in our series demonstrate a broad spectrum of this specific congenital anomaly, reaching from echocardiographic incidental diagnosis in asymptomatic patients to severe symptomatic MR with need for surgical treatment. Blunt chest trauma is described as a cause of cleft in the mitral valve, 13 but it was not observed in our patients. We therefore suggest a congenital origin, as most of our patients didn't have previously any disease with the potential to alter structural appearance of the mitral valve (e.g. endocarditis, trauma, mitral balloon valvuloplasty, heart surgery).
There are a large number of concomitant findings, e.g. prolapse, ruptured chordae and elongated leaflet and chordae in our series, all of which have implications on the surgical strategy. Hence, an isolated cleft can be sutured without additional resection of the leaflet. Therefore, direct suture of the isolated posterior clefts should be preferred over valve reconstruction. 14 If direct suture is not feasible, mitral valve repair is preferable to mitral valve replacement in adults. 15 In the absence of valvular tissue or the need for resection due to thickened cleft edges, extension of the leaflet with glutaraldehyde -treated autologous pericardium is possible. Although no differences between certain localizations of the posterior cleft and severity of mitral regurgitation or clinical outcome was found, high -resolution echocardiography should be performed in order to plan the surgical procedure. In our surgically treated patients, the most applied technique was quadrangular resection with annuloplasty, reflecting the increased complexicity of the lesion in adults with accompanying prolapse, ruptured chordae, dilated annulus and thickened cleft edges. However, our patients had a favorable outcome after surgery, only one patient showed a dynamic obstruction in the left ventricular outflow tract with a maximal systolic pressure gradient of 50 mmHg at a heart rate of 96 beats per minute, a well known complication after mitral valve repair with ringannuloplasty. 16, 17 During follow-up, this patient remained asymptomatic under betablockade.
Several approaches have been made to describe mitral valve morphology.
Carpentier et al. introduced the functional classification of mitral insufficiency. [18] [19] [20] Given the various anatomical findings in our cohort, a functional classification alone seems not sufficient. Several attempts have been made to define the terms "commissures", "splits" and "clefts". According to the literature, "commissures" are defined as tissue joining two leaflets, 21 junctional zones of valvular tissue, 11 points of attachment of the mitral annulus to the fibrous trigones, 22 indentations at either end of the aortic leaflet, 23 the space between identifiable components of the skirt of leaflet tissue. 24 Less is published about the definition of "clefts". To distinguish congenital clefts from normal splits, pathological studies of the chordal attachment has been proposed. 12 We propose an echocardiographic definition by denominating a finding 
